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m*mii m crd mv^fttL* mm cmd a 

m&m 1 *C8E«© 'J > * 5$&Ib n # 9 b ©«»»«. 
[***3] StttfeKttU IMtiCiU RKfc 

-rsfrisB«<i^> R«&©fflK©@e«i*to»>©Ee- 

KiTT * - h 1 3ICIBIR© 'J v** 
Md#> hQNUKt, 

[*"S©S&Wfc«i« 
[000 1] 

©MmtBCR-rs. 
[0 o o 23 

[«E*©S«I?] fit*, *»n#«s» htBStiSKfi: LT 
14*113;, *n-75£, HAttjfCDaaKy Six 
*©+"C, TOftn-f'^ h©MPH&1ffflHr 
4fc©fcLT, llH0>a#9 h£H-ratt#r (Raibert. 

M. H. , Brown, Jr. H. B. . "Experiments in Balance With 

a 2D One-Legged Hopping Machine". ASME. J of DSM 
C. vol. 106. pp. 75-81 (1984)). 2JW©a#9> hCHr 
(3*0*9 h*£Kv61. 1. no. 3. pp. 167-203. 
1983) , 4W©d#» hCH-r*a« (H*ojK» 
*ttvol.9. no. 5. pp.638-643. 1991), 6P©o*9 h 
(Fischeti, M. A. ."Robot Do the Dirty W 
ork. "IEEE, spectrum, vol.22, no. 4, pp. 65-72 (198 
5). Shin-Min Song. Kenneth J. Waldron, "Machines T 
hat Walk; TheAdaptive Suspension Vehicle". The MIT 

Press Cambridge, Massachusetts. London. England) 

9 hT'JTM-f AC^WC5R3e*:»» (#fr) 
->££tfc-f S&W (Till, " 4MSS2jeaMrnj|?9 h 
©»«J#fT" , B#t£«^£IftX* CJB, SS48#, JK 4 
33-§\ pp. 1445-1454. 1982. tsitf" Legged Robots on 
Rough Terrain: Experiments in Adjusting Step Lengt 
h". by Jessica Hodgins. IEEE. 1988) JfcRtfj^g 



-y*±®.tZ>&.ffi (WMI862-97006-9\ #HSHg63-150 
176 fcli*Sn-Cl^*. 
[0003] 

K5»!4*«HfcLJ:-5i:i-*IHi3 «Mfc*WKUT 

n « » h 14 * ft to C TO *»B ± L "C 

£&V>„ *©fc©, SIt<t< LfcD, ^a-^&ige 

#9 bOfctoCfcttf *«65®*«&afc^-5&A4**o 

fee 

[0004] ^oT, £©«9i©Btttt, JiKLfeft* 
SEflf©&j&%flHK U BUI J PRMB**trSI* , e\ S&C 

(4^s*fc£©**?*>ra*&**-t*wi:tfT** u 

[00 0 5] 

(IRS) »y>***U ttN (K) 3$ 'J 

». x»»»©fc»©K»**«^-r* 'J >^*»»o 
»©■#**! tH-r s i*ffl«rSKe-r4 i««8Be#a, 

oTlWaa#9 hWT^f-iX-^OBflSIf^**^ 

mm-rzmizm&Litc 

[0006] 

!miwt*D#9 h©fc«>csE<t-r e>»ac-r * w 

[0 0 0 7] Se>»3, |fc»;v^An#9 h«MF*i©*^ 
[0008] 

[HJS^J] «T, iP3»»n#» Fi:LT2^tT©n 
*y l> SrWCt Dt:©*«oSEWItK«t*. SI 
tt*©ajKw h 1 triftttCStlW!^^/!' h 
0, £r&*ft j ett©W» , J>*2C6ffl©Htt*fcAS 

(^©^©fcftC^MWSr-tnSreft-r****- 
JWt) c tt6ffl©B"«f»4±*»&»r, 8I©PSi5[H]SS 
ffl©H®51 OR. 1 OL (*fll*R, ^^L^-f^o 
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wtwc) , moDu-^m (xttstoociiie) com 

S512R, 1 2L, Hfcfy*-^I»J (yikStoOCEHE) 
©MS[514R, 1 4U MffiOtf ^fJl»10»Sil 6 
R, 1 6L, JBlT»CDtry^l^0H«l 8R. 18 
L, Bo-/u^i&i©H»2 0R. 2 0Li:^oT*50, 
•tflDTSSCttfi 3 !* (£35) 2 2R, 2 2 L#^#£;h.4 
«±ffiC(iW*t (*#) 2 4jWKi*e>n, *© 

® CfiA"- 7*+'J728 rt^tt c,Jx, -t 3 K&KICJC 

2 814, H^©»<, tt#2 4©±®©EI?ltr>ifS ! i6Dtr 

[0 0 0 9] ±SEC*5^TKHtlf»iH*l OR (L) . 

12R (L) , 14R (L) *»5>«j«Sn> *fcJ£H* 
J±, H*18R (L) ; 2 OR (L) *5>tt*Six<5. 

RB8«i:B5BB«fcOMtt*B«J>^3 2R. 32 
LT, B?H*i:JeHflli:oiaittTH l J>^3 4R. 34 

LT*jifg2n4<, msu >*2I2££®£k:o 
v>T^ft^;H 6 o©g x.6*i> #ff«fcrn& 

©6x2=1 2<@©Hti5 (NO **n-?*lJCK&AKfl 

4*\ -?:©Pffl»i^l-*aiMA* 5 aigL^tll^ OftSR 2 
1-3242 1 8-^, WIW3-1 84782f) fcif 

3^Tt4ftu©T% 3*iuiLt©tfci«t4;t«&"f 4„ 
[oo i o] hi c^-rotf? h i c*5^t, jeirajc 

«^5]CD6W^-fe>^3 6A J Igtt61a, JETfc^LTn 
iK»hcaift5x, y. z*|Sj©»j«»Fx. F 
y, Fzt^OSf&llt) , 9CD : E-^>l-^Mx, M 

y. Mzfcfcwjeu &^(ommcr>^h^.wm\zuat> 

Sfc^Tfil 4: *«ttB-r 4. £*:£ :s P2 2R 
(L) OEg»Ktt#*e»a!0i61fe^-f y*-38 (HI 

4 0 56C, «*2 4Ctt«*HrVtf4 0jWWSi , l, 
5. ^EfeSSr&tB-f 
0OHJ^*«iE-r4fcft©*A^-f -»?-4 2t, 7x- 

A-*ttKffl©'j 5 » h*>r y^4 4* 5 is:W6n4o 

0UJ*tt«rELfcffl[f|c2 4C3Oi!l»i=.9' h2 6C3S6 



[0 0 1 1] H2tt«IMIi=5' h 2 6©Plffl5r^-r^n 

4„ ^3C45V^1tS£f-b>-»M OfcifafflflttA/DSE 

£^LTRAM5 4(Z^!6n4o CP 

LTRAM5 4rtCA*SH4i:*fC, SMfe X •> 3 
8 fc ifCDtBA (4ftU£CEH$ls]B 5 8 MftC R AM 5 

mi, m2o>m%mw.6o, 6 2**Ktt6n-c*9, in 

1 CD^#^« 6 0 (4»i$©$n < ROM6 4 J3*&*ft £ ftT 

*HCffiLTRAM5 4C3*ffi-rSo *fc*2 
©«lf$S«6 2ttftJ6©«J< RAM5 4 3&»6-?-©gfl« 

wwwitrJUiiLTD/AfflMieet-y— #7>^* 

[0 0 1 2] *KV*T, Z.O«|»SE«(3D»ff%:»«r4. 
[0 0 13] l!3(43©$J«g«©ibflF©4 3 ©§S!$h.ji[ 

-^*5g|2ir^-rSIJffilJ---> h 2.6CROM6 4C»*ft 

sn, -tncas-^v^T^sfi^/sWK:, * H26 
[0014] *rs*iiiat8K£^«*siifi-r4i:, *<c? 

h 4 Ctt, -£©S&gfc|B|&©g^ 

*>So#yH®»G\ 1 2 <@© 59855:* XT 1 2<I© 
SEfe£&WT4 3i:;&>6, 1 2<@©/n°"7p<-:$'£/81^T 
*H«f«:SE*i:-r-B 1 256 1 HkMtL^^m^X^m 

»t3*5VTf4, ■*■©&«>, 1 2I©a"7>-^ i: LTH 
4 Cg^TSIl-, 

at#2 4©S<Eft«*x. <£y, tfz 

iSPJ£ 5 F2 2R (L) ©(eie^Sfx, fly. flz 

fi'L*©ffia!Gx, Gy. Gz 

&PJ£MS51 8. 20R (L) (D&AUBMAx. Ay. 

Az 

[00 15] 3©ftJ«£MS}g-t4,!:, 3ft6 l 

2 1©^7^ - ^ ?r-S<»^ »4«J»MHl(ECH5e L tz 
±TM'6flit, JSWflit^^Sr^'xy ^ L, *© (Jn) 
^SfiK»© tf- ^ ffi&telE L T h ;U ^ * 5 iS®-r 4 fit 

i:^«jE-r41t»3Lfco W5zmpfl)«A4 
j*ALTfi<6$^£iB^1-4 3fcfc#»i:-f 4. 3 3 
7?> zmp (zero mome-nt point) i:(4^^l©iP<, £ 
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■fZo SPt>> l2I5{I^-r*P<, D;f.).H;i<^[il 
^mgiiggBS^FTfcSo BP*., ftbGcaftftCJ: 

y Y<D®mM=-L (I i • 6 i y- • K» 

F*M<¥ffim£LtztZ<Dffm*tfzmpT*&Z>, r© 
z m p # n xK » h ^:tt^*?*5e^B« 

^I, : ©tlfflU-fcl^Ttt z m p ;& J j?r5£©flg«t;:&BT 

d 

I (li • <»i +mi • gxi • g 

dt 

fcfc'U i : U y^ffltf 

[0 0 19] 3 it*, h 1 ©*5BtHHZ*5lt-5 z 

mpirMLTft3!fti©&SiJ£affl-r£i:, d*> n 

zmpfelSCt, #;£)©*-.* > Hifi^C«t*t© 

d 

— Z {H • <ui f mi(gxi-Zx 
dt 



mpTabSo 

[0 0 16] «T, S3 7 a- • + - h£#J!LTl& 

x, *y. tfz&SKer*. awe* fctsse 

[0 0 1 7] Jt^*C-3^Tttfta»*C!)j*ai> BP*, 

5, ft3&JWj& 5 £S1-37!^ H8CSt«i:D*y h 1 
©x-z^PSEol^T^ft^-f i:, Rl'tSRTltCfc 

So 

[00 18] 
[« 1 ] 



i + mi • gzi • gxi) =£( Mj ) 



[0020] 
[R2] 



• g zi + mi(gzi- Zz) • gxi} 



= M- g • (Gx -Zx) 

[002 1] adfy h 1 tf&felz&fit Z>tztb\z\$^ 3 

jK > h 1 ©#§(*, 3 -StRCSMtS ft 

ftttfttfft£>ftV\ R2CliD*j h l£Stj£; 

T«Ja«rc#ftTfc*ftt*fttffr€>fc^. $e>»r, ntf 

* b i c»*3 o*awLT#fjs-a-*»*, •gfe&ft 

©-r±-*> + fc#3;ftSo 3®-5t)KS, li«ffi;B:-5 

ZZttfTZZAK ^©fi-ktftO©-!' t—>tCM 
LTtt«j«jftSl5E*5j6Hli: ft* 3 SJ^SUX'fe 

So 3©SJ»Ci3^-ni, Bft*?tBttC|°ME 

£SIJ>£-f ft V % z £ iz ft , T i: ft Sc $ 5> 



n^<t>yi. <t>y. <t> z *m£?Z>t LtzfiK <t>x. d> 
y, <t>zlt, 4*C*t?**jKSttft<, ^©$WHIT& 
S^SoJx. ay. coz* 5 HHfitlH^X*tSSg© 
TCt^Tfefltot, 0x, «Sy, 0 z(iif©J;-5ft<iT'4; 
<J:V\, 

[0022] B370- • ^-v- Hr*3V>Ttt«gV>TS 
1 2 Kit*, JgWPJE&^P©®^* (9 x. 0 z fcKJ&r 

riTOfix, 0 z*Pnz?f\zmmLtz, m^xs 

1 4 Kit*, JgPJ£MS50ffif|©-5-fc©Ay£iS:5rf 
•5c SI Lfco KriJ^T, MPa5U>^2© 
JSMS5©#[1 (flp%, JEKffi©y^©«ir^Si) 5:2 
OOmmir^Lfc;!:*^, 3 3"CliAy 5:2 0 0m 
mirig^-rs. 

[0 0 2 3] l^V^TS 1 6t::itA,Tzmp»i;i[©S#ffi 
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©*ff=*JiJELT^*. £©zmp©{£fti;:ftg 
LT**©RHt:»i«rta©Sf5£«*©l!WilCJb« 0 AM 

a«Jtttg* 5 AMJ:0 ffifCgSfjeife^AIIBCifclfcL 
T{£l^Wft^5£f§&^§?,:|*©n;K5/ Uli, zmp 

z mp &gmmm<D*&iz & ~> fc©-e&, -f-#c£>£&#* 

£•5, SfcSSffiS Wl^£A£<T£ri:#Tt£, fcif 

Awcttfcv^aa*s>9, 3'ne>*iSffl lt zmp»ut 

[0024] JiH±4»6, £©»J«fc:*5^Ttt, zmp# 
H7, BI8C^-rffig»3*5«Czmp«litOBfl«=Sr 
ISSL/c 0 BP*., 

1. mmvmmv) zmpAK s«®M-w3tJt»3©R5e« 

2. *flt©MHl©zmp#, H»©fi-W3«*H!©K5e« 

*»■?-*©««»££;&*£# LTil>&< fcfc 

3. **©WHJ©zmpj&«» jtHff©>tlW^SI©^« 

4. UtQHIlOzmp^ ia«f©>iP3£«FJH©S3e« 
isSrttzako, *>-p j e©mr^i:£^t^LT^^< 
/?f«©**§£}fo3i:c 

M, W-5*-eti35K, ±i2Tfr (ffe) SsStexite^iS]©, 

y (tt^ri«]©fit«*w-r. 
[0 0 2 5] BP*>, *ff+» «*©*l-a*ifCJ:-3TD 
# v Y tfmti* -5 C & S , z m p \t § fSfitB^ 5>>Mi 
T&ftU ^IStOMiTltitn^y Hi«ft 
$SA£o LfrLfctfe, ±E©»<fl|j«Lfcwi:C«t 
0, (ieRfc*Jte©lSPB , I5:-g-tf^-|W5:if»3©^T©l»P B ^l 
fcV'T, zmp©te«ttS?5£«*©«ca*LT^&< 
*»Bf5£©jfe»«:«f-3©-C, zmp«:S3e«*©**T» 
»Stf3fr£©*tV^&#;!)Dto&&t*fttf, d#» K 
ftoT, C©*»#*tWIirSf5rC*>-& 

rot*, #§8tfJi. ^JiriotSCS^ 



*4 0 w©fc*©zmp©£lbl:#:*:*WairSf5£t£© 

3e«*©^i«K:iBe>n4^©-e. *a*ifa«fcvvwiE 

*Jtt£ z mp *SK£fB«©+»rt«t:tt«S-&-6 3 
tf> KJgtt«riKX>«KB2:4:«. ±E©*K, r©*J» 

»-5«*«r±*»fC#fr©S5ett*K«)4*CLfc. S 
1 6TJHse-r5zmp©«U»©B«lflaS:#ff«t'C±^A» 

zaHflMTOi r«iitJ ttB$MC»:ffLfcSSK«:, r#i 
[0 0 2 6] HUTS 1 S^Tl-frCMGx. G 

y, GzatDjOMfcttfe-rs. iftcov^tiifei^ 

wtnwi Av>tw-5S*©«t:t!ise-r«o uv^ts 
2o_c^-e»i»«ia©«;»3fi[S:ia3e-r'B. bp*>, JiP 
{wO^T*^5e$n-cv^i^iga5©ffi^Ax. az 

i:£¥©lHHEft«0yC-3lvt, fc (4JgSP* 5 ife 
®C«»L«:l^gS©ttC:SBei-4. f^TS2 2£it 
*, K'(j*iat©-5t>©±T ;&l%J*#GzCo^ 

[0 0 2 7] rnno^TMt^i:, #fT©lJl« 

<* a© iiBa»«36»6iije3tJ«i!**T£ (*) ps: 

ttffiCSSXSM) Co^T£<b©ttBG z ©±T^|SJ© 

are****, 3^x-(*s)*©ffia[©fcto, mt*mw? 

firf-S&g (Gz K» hT^T) , S.£Mft«36*SCte1"* 
Sn^ffi (Gzy— • ht^t) iW-B-THBIfX^ 
■To 

[0 0 2 8] r ZT'utfv hd^ftJinrtrBl 
-r«t3^J^l?B?Mgi5l 6R (L) (3oV^Tmsi:, 

KBSM=mg + mGzy-- K-> h 
Afflr©^=^-*©AW-(»»h^^) +rt^©^^ 

i:^-Twfc* J T-t-5 (±T^(°]«-oV>T©^-r) c SP 
hom^win^g^At-v^n^^ hi:i< 

M*-tncWA*Af»©3fi«i:Plltt, T^fax-?© 

tn^xmmA^mta^^hh., mutt-za^y viz 

fFffl-T 6^-33 * s $ 6 JwJfAT ifcfo fcHW***4 * ft 
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* 4/£ < ffl*fcm<L«©S*)^ 5- - >-C#frS 
tr5;:k#*gT£>£ 0 se>(r, H»©fiH*h/u*tt-t 
(OntUt-fet LT#*tt«*f7J£ifc#JLTV^©T\ 
^£a s *t^ktfi^hA-^*£<&i>o 3t 
#&P©B?B8«5©#8 b tiiflitfftltKfcSK 

^kff^rkti, H^->i:Ltill;4«#<tlt6 
CO 0 2 9] »H«tl*»A»*AW«:fl£«f«fc 

LfcESILCJfcfll) L<tV>3i:*«Mfc**. 
^:T% c:©1W»»::fcUTtt«'b©±T#ft©iI»><* 

[0030] «T, 01 2<DV7)\>-*V • 7o- • 
■So STBil 2©S 1 OOTtt03©7n- ■ ^ + 

IfcLt, i3C7n--f 1 .-KSSl0, Sl2. 
S l 4, S 1 6, S 1 8, S 2 0T*ia:^;sixfete©#$ 
Xt4ftT!Jfe'<**CS2 4. S2 6T*iE 

iEfclittik bfcB#irl&ns^©&frT-S^igV>*<k© 
«&it^fiitSrff«LT, fli<b©&ft^fflFBJHIitt (G 
z.limflitt) k"fS. 3rT#£ttfcS'fr©l&67jlRllE 
JMUK (Gz. limflit) *H10O±S(5^7i:-A 
ttBTOjtLfc. 3 ©M'CrfDftil^ftlRJWlit (Gz.lim 
flit) kt>&6ift>e»a»©8SH»l 6R 

(L) aH*tflBofc»ltek-9-t^fc. fi'k©& v iS7j|S] 
ffil^flifi (G z . 1 imfiitt) *fi.6©»K^|Sl*iitt (G z. 
flit) bLTSl 02 Cittr„ S 1 0 2 T{iS'6©«9il 
Tjftflit (Gzflit) ©*/jN«Gz.iinfc»*-rs. 

[003 13 MVnT S 1 0 4 TlifSiE73 ^©m^ttiaK 
©US y'h&afcfird. S 1 0 2"C£^ LfcG z.mink 
!&:5^F»J*»e>^ra©iitr^l»lkM2)^|Sj©^|6ifr|oitt 

•c»a*i«g©a^jpjfi« (0i o©Ta©^7 7i:-fi, 

^ilTalRlWS'iL^Jig©^^* 5 ^©^!:^!")©*'^ 
;tetg©S±(i (Gzy-' Kaax) £>a*TV^ 



C tt , * © «F W C *3 It 3 I&BTj |dj © JP^S tfflf 
^©^&B^[al©M'(j«Jnj$S©S7vffi (Gz^-- Kf 
h.max) frofi-k©$&B::£[»)IE#«lji 
(Gz. limfiitt) «riBiL<cV^J:-5t:«Bit^l»I.©fit'C?IWa: 
(Gzflit) CilEiE*Jp*a. *»J:-5fc:ilHE3ftfcG 
z. limflit©Gzy- • Ky hflilfcEll 0©T&©^ 

(GzK-/M ©'J 5 •> h&a&fjoTtxtVo :W 
£T©B**UCfctt5ttB^ft©S'Win8S G££) * 5 W 
^©ffiSrt (-Gzf - • Ff Kmax~Gz , .V— • F-> 

Kmax, — Gz K? Kmax~Gz F? Kmax) C3fc5k 
V ^ «r«JE-T £ flit © £*> ©¥*&» 2 t> i§5 
V->ISiE73(°J©a'^flit* 5 IIS,$Hi><. HJSflJT'liBr^© 

»tt#Gi©*'C>ina«©*;fci[ (Gz7-- k» k« 

x) £0. 2g~0. 7g (g : ItTJtaigK) kS«£L 

[0032] 01 2-*t-f)l-3-> ^D-'ft-H: 
*3^Ttt*^TS 1 0 6C:iiA,T\ 01 0©±S©^7 
7Cft«C, Gzflitt©ft/MSGz. minC*fLT 
m^©^«G z. margin T*C¥fr^ 
(«fco.-C*©e>ix*fi ; g:01 O©±S0^7 7 
C rGzflit (*&«) J T^T) c BP*., «AtfHl 
3iB1.4C«HIC, «H«a*tt*E&Wc£< ffi* 5 f /c 
«UR (013) kRW«a«*S< #t/fc«tt (01 4) 
ktSHl 5Cvt»C JBfB8»ft*©«Yk»Aei.2 

k«-ij&e©±T^ini^b»A z i:©su^-* 5 7ct < mm 

TZo BP*>, 01 4©«t3m'L>©S$* 5 S^$t'ia-^ 

•C?iBE*CStr*3t«fMKW»©«K (A(92/Az) *5 
0 1 3©^©^n (A«l/Az) ttbl^LT7Ct< 
35:0, ffi§£©B3PHl>3-C*'MSS G z 5r A z *r»3K<b* * 
4fc©C4«<c3£«p|iP»M»©»l«3fi h ^^* 5 Jf7C L-T 

-?:©^^G z . margin =Sr 1 0mm t Ltz 0 Z(D& 
HulEL/cflJtf^g (iE^Ltxifc^J) (i7ct<'i , 9, 

« ©T'KHisc 5 A#©£-fHii«4>-r 3 r i: c 

[0033] i37o--f + -H:I2,!:, i^V^TS 

2 4c^-ea*pina©«a[fl:«:fT-5. znttKMMft 

^M® i: C o ^ T G z fiitt©«S<b k H« «e«i 

8£?foTMfiifffiftT^ax-*©||ffi£e«u ^ 
fflKfi{b?r03^©Tfe^„ BP*., fttiH^fcaiC, d 

|3J2£©/N°7y-?£!&Sk-f 53k iSP© 
feBk^^k^rii^-rsfcfeirii, '>^«c< kl.6e© 
^7>-^=Srfi6ffl-r-5 3kC^S. r©kt, W%n<D 

(feitk^k=ir*cii^LT*5t, -tn*»e>*H«©e 
■b^^->«r«teje-r*©*k-r»k, b»^->»# 
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© SriEftf ST^^x-? fiift^Lt© ttJTJ $ 

Jiip lt g z fiitofts^-e^^fc i: n« 

rt C ft tttttffc e> fcl^ i: » -5 &#£«J£-f S 

ib^-^oftmas, ftag©tr-*ffi£:Jwrs;: 

[0034] 01 6V7Ar—f-y . 7 a- • * + 
#MLT3©&PS^©«®{tlroi>-tgfcs!rtS£:, * 
■rS2 0 0fcfel^TJ£M»l 8R (L) ©ftiaag, A 
aS©f^ft±ffi flay-- K » h . 1 in. 0 a K y h . 1 

iB^nntti 6R (D ©ft ma*, fca«©HF£** 

I«ky- • K> k lim, JkK»b. lim^sS^rSo 
JfcC S 2 0 2fr^Tl£^$ttT^$;£!g;N 0 -7J'<-5' 
*»6H 1 ESRLfc 1 2ffl©Httc^T#H«©ei&>* 

*->£ttg:-Ts„ «v^-c\ s'2 0 4cat^»mt4n 
/twgsntEKj/N 0 * ->©?*>, &mmi8R (D ©ftm 

SStfa7- • K» k ftagfl a K» h*fHTU * 
ft-?ft©S;*:<B 0 a -7 - • K •> k max, fl a K •> K max 

tt^-c, s2 0 6CjtA/eBH»c-3ivc 
fc£Htifcn*lift;taauK. ftag©**fBfl ky- • 
Kv k max, fl k K s» k ■ax«:R*f So W:S208 
C*A/-eJ£BMfl 8R (L) ©ftmafi, ftag©ft* 
ffifl a y— ■ K? kmax, 0 a k> Kmax* 5 S 2 0 0T 

* 6 *» i: Rje s nr v ^ * - t n-imoifa!*** 

flay—- Kyh.lim. 0 a K»> k limSriSATV^** 

[0 0 3 5] tU £@SfiJl 8R (L) ©ftmag, ft 
iSS©*±H Say- - K v k max, 0 a Ks» k max* 5 
ft#S*fl flay- - K v Y . 1 im flaK^K max£jg 
*.T^S*£-»i,. S2 1 OCit*0y£#iE-f So :ti 

fttiamg., ftaS£If^efflrtCtos6S::i:#-C£Sa> 
<=>T';&So El 7£»oT*©^«*Ki!rr«. 

HI 7©7E¥#ti#^7;<-?©rt©0y©fl« : &, 
9 - * £> H-* $ iafc £Mf85©ffift/N° 
?->£igLT*5 9, ±aiiftg£, tSli^MS:, 
TI&teftJnafi^SlLT^So fnfn®^77TH® 
&S2 1 0-C«EiE£ttSflr©#lit%, -^KWIttiJEjES 
ttfc«©*liI«:*LTV^.5 «&U fly, flyKs-K 
St/ 0 a © 5 7 c & v ti&Jft i: - A««ui I J (?£ fc 



[0 0 3 6] ie*ffl|T?tt*JJ&C£«ifly0^7 7C||* 
T^LifefliiSrluaSfili: LTS3©S2 0T#^.fc 0 0 
y ©ftas 0 y K •> h , ftSnag 0 y y — • K>> kb-t 

H3©S10. SI 2, S 1 4, S 1 6, 18t*M?) 

nx^So me.©#^^^-^(r5tLT, ttisn 

Lfcc ^C+KCftJBJE (flaK»M > T&OfttiQ 
(0ay-- Kvh) ©^y 7 1^ Lfc<± ? (1^*1 
^nftag, ftiaag©«±tf-*ffi#*t<, t/cft 

masT'«^©^ct^Lv\ *zr\ &m®i®.m^? 

- y©ft;taag 0 a y- • K •> h ©^y y CStfin^L 
0 a y - • K»h.l ia&BK*, ftf©a|» 
c*i(t*^anafiEfl ay- • F-> b fcjfctt*fffcl\ « 

TIsiCBf^Jtr fcltS 0y©ftJn®S?rttiE-r So ^Jx. 

«, ab s h^xu c few s £HMFcn^< ^ - y ©ft mag 0 
ay- • k» h ^JSMmffiib^^-ycftinaa©^ 

*7C<10ay— • K-y K. lim©lt* 5 0 a y— • V 9 V / 
0ay-- K->h.lim=l. 2T'*^/ci:-rntf, IHNf 
»JC*5W-« ifly©ftftllSfl yy- • Krh* (1/ 

1. 2) feumm-tZo z<z>®jE*&mM>msh^9-> 

©ftmaS 0 a y- • K » h * 5 S59SEiei!j^ 0 ^ - >©ft 
2DiS^t>cIfla y- • K-> h. Iim<t0 
£T©B#*Uca*LTfT&-5£, 0y©ftmag^0yy 

-5c 3n=Sr2lHl, 0y©ffLV> 
WlMfT So flytfly K •> Mi 0 y y — • K h *5« 
»LfctOi:<c4©-C, 0yy-- Ky h*4iEiESftfc 
3i:t«tS^'fb«^-7y'fe«WJiCJioTV>j&:V\ c 
©fr L < felEZintzP®;^ 6 y fr&ftgsnfc 
S^IEIi?^y->%^yy'+ I t-^«j«T^tfco 0 
y i: |B|«©as TjeW©©^»/N* ?-vfla"C*5i:S 

©ftaS'Cl,ix«=t-?:©ft^t p -^fi*5 / >$ < jtcoTV^S 

^^cr>^-fb* s ^^c< !oCoTi^srt*s|gi*e.n, s 2 0 

8 T© 0 y IE©38;*# ffi T V > S 3 i: A 5 ^*- S „ 
[0 0 3 7] J^±(ctftapiSSCS>frs«EiEC-r)V>TI5i^ 
Lfc* 5 , fta*l3o^TtH«/t«.a=S:fT*CoTtot 
\\ rnt?S2 1 O©0yO«tiEAiatt»7L, S20 
2^II>„ S202CR*ai(roV^-rttS220*»e> 
S 2 0 2^£S?S3*i:W-fc!-T»fE-f S„ 
[0 0 3 8] tfc, SHfiEil8R (L) ©ftmaS, ft 
aS©ft^cffi flay—- V •> Y . max, fl a K y k max* 5 
flay—- K •> h . 1 im fl a V 9 Y A im$:S 
^T^^^cv^*-e•^r{iS2 1 2\zms B S2\2X-\$, s 
204 -etf-nt l fcB5K®©ftmafi, ftas©ft^cffl fl 

ky-- Kyh.max, fl k K-> 1- .m&xt&'bfr CfibS^J 
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esse s nx v > -5 -tn^n^^ft^fi 0 k v - ■ k * 

Klin 0 k K* Kli«©tfctt*frfcV\ S(f*A s ^#«t 
9 fc ± S < ft H £: * t±jePflit»S® -Cfe * t *l»r S 
ft, £WI^©*b^^ttf*7LIS3©S2 6'vi:« 
<. tU ?> i*SV^SBS2 1 4^jt 

[0 0 3 9] S2 1 4 Tt4BJB8®©B»^^ 

2 16-ei±, S2 02*ajSftfc«H«f©BlM<*-> 

JBIT, B 1 8 T-tOf I*Sflt 4. ' H 1 8 Ol 

Ma^->^LTI^. rn^WEl+TtiS 2 0 2 

-cffaj $ ntzwmm<Dwm * y->i:Ht5t'o%5?i 

"r*RLTV**. T»©i/9 7©ttliHiS2 0 0T?Rje 
SHfc (9 k y- • h. lim%^LTV>S„ ^inJSSCD 
^57?*ii:, S2 02TJWSftfcttH»©aJn» 
- flU WF^SAffi© Jk7-- K y K 1 
im%jg;LTV>.5o S 2 1 6 "PttZ ©gB#©^;&D3&£C 'J 
5^ **»lfC*^dllinaflE Jky-- K v h . max* 5 S 
^fWftiPaUEff kV- • K lii£iB*.fc^«J:-5fc: 
BfB8»B*^^-->©ftJn3S*^^->*IJiiE-rs. S 
2 1 8TiiS2 1 6-e«EiESnfe^fina[«/^->«ra 

mnwL*9-y* nx&*<9->* nnamm^9->^ 

B+K-jMWTiSLfc. S 2 2 0 CJt*S 2 1 . 

4fcS2 1 8-e»tiSftfc*l»«Htfl 2R (L) fcfi 
fcRMSHB»ft&/^->*»£>Bll 9 C5*Lft«fc-5£, 

j:^c#e^5^-^-e**aawjeM«i 8. 2 or 

(L) ©&&©«* (Ax. Ay, Az) ©ttattHWE 
L, S2 02^I5„ 

[0 0 4 0] S210tS220^e.S202 
^tB?4a*CoV^TE-r. S2 1 0T'ti£HS5©IEft 
/<*->©&#& 0y|li»*1IHET.& 3 fcc«fc9, 2ft 
S 2 2 0TttRH»©«tt>< *->©&# fc^JSBMf 
18. 20R (L) Q>3L&mm& (Ax. Ay. A 
z) =Sr«fiE-r-5. 3 4: CiOK*/:^ J&MBaeib^? 
->iitfy c¥akC0e# LTV%fttotfCtt<e < , £ft& 

mm (Dmm^ *-> \*m*%m&%&co%-\zmf l t v * 

£:bttTfcftV^-e, 0 yflitt^igPJ&ra®»lit*-£ 

-^jWfc^C&SSftfcVvljtej&tjba. $f, C> ey$; 
iiiELfci0»ttKM*0e»/^-ytt, £ft&P£ 

©T— M, S 2 0 8XtiS 2 1 2©if*.e>*»©*lM^ 
SriftSLfti: Lit, ^©^^JES-t+Sft^Kfi 1 
ft o fctelEU J: -a T-S. Lft ii -5 ©*fNz Wl/S 



£Lft< ftS^asftl^iil^ftl^^T'&a,, -t© 
ft©HS2 0 2£M'9, S2 08. S2 12©W3e*# 

ft ft -5 a* ab 3 © T ab 5 . 

[004 1] Ui±^fcJiP«liI©Sa-fbtoSC-3V>T 
££:©34:, SP*>, &$i£££ftfc£Pfiita>e>1fe>ft 
£J£ (&) Mff©ft;ta;8ftliSgKtlii£H 1 7, Ell 8K 

ft, fccaB^fcWC, MttB»^*->£SM£*SWrr 
£ft©©JSP£KJfii5©&«, JSSEWJE¥©lHlteft«^»tecD 

■sa»t:a*s-&Tft3er*i:v ^©^snas, &««© 

ft, &ifcftftfN4ft< ft SOT, =F**fcx*/U*ilMI 
tllt^ci:^!^ o#5- h^©31ft* 5 

»5>j6»Cft4©-C, PSB'J >^SrJS-5r tCi^TM 

■r*s*t*/WRfcfto» ssettcflin, a^©^*» 

[0 0 4 2] Bl 6©S2 1 0 £: S 2 2 0 ©W*©TO£ 

SHit (Gx. Gy) **mT*. -BPtK Gx. Gyift.it 

*-*©*litti:S 1 6Ti£££ft£zmpfiit£«£ir 
3<£a»:ti5;*ft-5«, 

[0043] 037O- • ^ + - ^(r^3^,^T{ii^V^TS 
2 8 TJSPfi3t* 5 ftS^# (EI16©S208. S2 1 
2tmC) ttriUJELTl^a^if-J^xy^-rS. 3© 

ffcSUfcaWWliB (Ax. Ay, Az. 5 x. fly, 6 
z ) li-tO^Kl^V ^TH9g S ft T V\fc S3&»©»»St5e 
VN 0 v^-^©l>i»$:|f)il*^i; LTV^fc*^ ^©^©G 
x. GyfliltfS 2 6^-*iV^T«IE^ftftfc©l-JSP»l 
jt©«a*« :! 6r»JeLft< ft*wi:36<Jbi*»&T*S. 
IL, w©*j»fcfr*»eLTV^ft^»'&-f4S 2 4CI 

osc;jiPS>iii©Sii<k=S:fTft^c g 

x. Gyitl«?r»iELTt, -tft*4BW«ia©«att, ' 
aJt.rwT?»4J£M»fcJ:t/»H*©B»^^->'. 
x.S^Sf(4/Jv$V>©T-, S2 4 — S2 6 — S 2 8— S2 
4$:^S^-^ , (ij5!cls]©o*>(rJtK^-rSo S2 8©#3j^ 
^fr^iffiS L ft ft e. K S 3 0 (I it tf. 
[0044] S30tliS28 TjgP«lJl©Satt«r^ 
x »^ Ufcr tfcH*©«*A»€» S2 2T?«a<bLfcR5 
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.fcOAfMSjCtt, S 1 0 6-CMfclifffl3ffi 
©£??§Gz. margin aMg&snT^S^if-^Cf-x v 
tZfttao* S2.2-e\*mmit<D4kft£ LT. tti:t)t 
rfcto&g, ft*«g©$J*S<b#;i*:* 5 , Gz«iit»S9» 

&V>a>e>T£>3o 0r5£©s£*§Gz. margin >& 5 BiI&£ftT 
v> 5 *»4f -5 #■©•?■ x y 9 £fr ft -5 ifcgri 5 * § fi, S 

2 2 -e*nta ntzGz vtira^QttjAc&v ^ones 

nxv^fc?5^^7 * -9 ®ltit*frit**i: LTS 
SSnfcGz. li nUlJBCStf UGz. margin e>tt 
TV S 2 2*»&S 3 OCVfcsaSTaMWftil^ 

aet/cGx. Gyfi«cttE*5jo^.e,nfrit*#/i) 5 ^ 

CliS2 2^i:R-3T, StfGzfljt©Sj»ft:£fT& 
■5„ r®, S 2 4 — S 2 6 — S 2 8-S 2 4©^--/% 
#trS22- • • S30 — S22£$5A~ 7%S24 
-»S2 6->S2 8->S2 4©;u-7 , '-e©ttaE#Gz. lim 
«liBC#it*l^itt/J^V>OTHftlHlfiD-5t>C«l3|[-r6. 

[0 0 4 5] ±s&o)ta< Lxmbim, mmmMzsti 

[0046] «g^T. H2 0-7D--f + -M:#IL 
•C*fTB#©fflfflltroV^Tii^-r?>„ ft-TS3 0 0tM^ 
-> + 9 -f X S 3 0 2 T'^fT^7T'l±^V> r fc & 

1ILTS 3 0 4»3jt*, J dZT9-( vWJSi^&fSFo 
zmm t=ni:t5„ ttV>T S 3 0 6 (3ii^T'll 37D 
- • HijSLfc^B-CKSSnfcltWiaSrK* 
HJ L> S 3 0 8 l3ifeA,-C^F*iJ t KfcWSKKfffilbA* - 

yciSSCt-i'fflJt^tSftSU S3 1 2T*Wf^iJ 
*r*4^«9&*MH»r*u*A trtfttjEfrU S30 

2 £igT S 3 0 4 <,zM-^XfM^M<D9 4 ^WO^*.*. 
fits, *LT, *9&*#*ofcfc*tt3EfrB»f||ti 
oVTfl»©»«*frV\-ferr\ S302T*#ft1irr£: 
WWSftfcv^lBDIftttU S 3 0 2r#fr»Ti:*Wr;* 
tt-Skt«S3 1 4 C^T&S&SHQSSr LT&fr 

So 

[0047] r©SHt«IBJilB©<n<, .^F-ftKSr** 

^«iitnovNT(±fi-Qfe«*± * < m?L s z t a < , 

©S;Wrft ©SDSIS ©«:*:«£ 0. 2g~0. 7 gWT 

©start© 1 i o%&rftzmnL. aMWiacov^t 
jewss t fl?rag&©ft ao&s **ti*nm%wt3£Tz> w & 

tfUHT k <c 5«CJW« L fc©T> B8» C * ft W ft» 



[0 0 4 8] Sfczmp©fit^;%3IALT zmp* s BfS 
©IW*«:jl!J**C*.ijfll:*»3er4#C Uc:i:d> 

CSSLT zmp^^Ofl^^ikS^ca'ljflit^S 

a-e-s ftk*©^«ite£&i;s r ktfftw 

[0 04 9] W, ±l2f3*jV^T^©±®fr«%5r*tt 
•T4*CUfc4«, *;ftfc:|Be>n*fc©-ettfc<, PSB'J 
>*fc£Ca«ffl/Jr*IStt*Tfcftl^' SB, «%*«35 

Sfcx. y. ztt£ao9©!lfeftj£Kcox, cuy, co z 

-?-ni::PBe>*iSt) ©T?tefc<, ftt©litfcl42 

-5gg©*t£kLT, #^lSH-©g*S5r#JSto 

«*©-f ^- v+©ai5tf^m, &i/«g*&ig«;* 

[0 0 5 0] ±I2twt3V>Tlizmp : §rffiV^fc* s , a 

# 9 K ©M'L-trfti < Utfefc. «J > ^ © -f i—- >s + 

kfttta«(- «t 0 5« ttTJ^^ffi LT ^HKWtr 
$5e^±A 5 ^gTr•^>ii:li*V^©T^ zmptMt, 3 

ntmntfj^B-e&ztzzcontf-y h commm^® 

* W* 'J , > * ©Kfi©«iJ-&* 5 ## c $ v > t % , 

t±, ^©aiCctO, zmptr'Kx.T, ojB?» h©M 
•fcCff^f Sfcrj i:1t&7J©^©-^7J k^%® k ©XjS 

[0 0 5 1] ±IS©2IW*ljt©fyS<bCfc^Ttt, 

MMgBsu t £Bgs5©Mffi5ftag, ftsaas©^«©« 

S^©-C(±^c<, #@a®iftS©Ii?^H©«^<l* 5 ^ 
Sftffi*iI»lftiaL, ^©ite^<t©ft*ffi* 5 ^«%S 

fits it i±*ja«* 5 iic'>Ts^ cm* l x t. ft v ^ s fc, 
r ©JSPfiil©*®{b©*&ii, aa«*f(tT4 < HWffl 

[0 0 5 2] i^, ±fa(r+3^Ta-L>©ffiB5:ffi^-rtfc 
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as, MjurnvtiLW. (£#©««»©+,&) 

fT+Cfceft5£T©»»fcfc^Tfi'ij&Ba t ** < X 

It-fzz. i:ttfc<, :feJ:*K©tfcBc**©"*\ K©& 

fifcffl^S 3 1 1- J: -a "C *>#»»© g «J?:«^ L#S*> 

BCtt*J)l£4IM5r¥ttfcff-*©*£ «fc 0**5: i:©T" 
t.5E©feB£ffll^::i:l::<£9, M»:i:£<£$*-f £ Z 

[0 0 5 3] W. ±EC*5V^TW*»ftD#s' h©PSB 
Rtt'J >^©*E£9, ^#*>e>©^&^E£?>Ta s 9 

«c * 5 e. sav *»»-r & if c t sis-r * t ©x- 

[0 0 5 4] Z.<DSk9Mt2J£.&ft<Dm&»Wia#v 
[0 0 5 5] 

[SBW©»*] »#fil«fc*oT(i, N (BSD a5';> 

©»»xa:»»©H**aicH-rs itnisriase-r * g^ 
$fFS£ft£-f a g m*ft4ife5£*«, S-^fris g im 

ffc&i: ?i S^t- 7 ^ ^ 3. x- ^ SrSSbT © 
5*>, 4>&< i:i lo*ft*.5»cflMtr5i:*«£, « 
*fcSt*LT*frf*/*C*J*Lfc©-C, Ss'JV?:*** 

# w h C J: o T^©«^=SrfT-5 3 i: (r «t 0 , ffM* 
£ a # -y hCDtztb \Z&ffiir £ <&K A> <b fflfo.lT ZZt * S M 
*"C**. ttot, ^©SiStfBJifcffiffO&fllCfc 

C, »U >^*8WbnsKy Hi2rt©*fc&-f, Mfl- 

m«UJ'hH^**«*T4»-&fcif, WCttfflB 
T't fc^LUilfcif ©Bsa-ttAWjWStofcW ft -= L 

[0 0 5 6] ■WSB23K:*oTH:, U 3 

JfrfacRU StiMb©£S©l2ttBtt£fc9©lsl£ft8 



5 0 ■*©»*, J»»l:©li/>* J ^fiSc^nai:*C^© 

+ £.8l5£-f S -ftgd 5 ft < ft 
[0 0 5 7]»*S3*:^m K«zi£»«U 3 

*r*£»u iw*****ra«te©ffi*©EHE«* 
< fc*«ciKe-rsfti<*j*Lfc©TN its 

[B®©«**KW3 

[01] 3 (DftW CiSPSfft n », h©*fiiMMt 

[03] *#J»SW©HB«B»«IWeflEffl-r**ff^^ 

[0 4] 03 7O- • 5=- + - HT'ffiffl-ra 1 2<1©^7 

[05] 01©n*-y b\zftm-tZ&ffiRt)*wir$im 
0T*2feSo 

[06] 0i©n^.> h \z-D\^Tnmmmo>mm*&m 

[08] w©SJ»(i*3tt?>»%©^©zmp©feB^ 

^■rts^0T2fes o 

[09] 3©lWlPCSS»4zmpWSii**fT t f"K:±*A» 

[01 o] l^ff^aacfeitsfi^s^j^oteB, 

^©^ffi^ffi, -t©aMWn»B©aE<b*w-r«»BITJb 

[01 1] 0 1 l:Stn,fy ,h 1 lzft%T5>ftJ3£i£Z> 

[I12]f37n--f + - h©Gz«ljt©*S'ft.fF 

[013] 01 CSto*» h 1 ©KHSi5*5itK«)At' 

[014] 01 CSto*» h 1 ©»HfiEi* s it8J6*;At 

[01 5] 01 3i: 01 4C*5tt?>a'ij>©a7J^'(p]©^ 
ffi i: KHS5 ffl if ft SL t ©H^^^TIK^ 0T'fc 4.. 
[01 6] I370- • 1-*-Y<DfflmhM<D%.M<tft 

[01 7] S^frC^^^-^TfcSJSPJE^Wy 
WS^0©l°]fe^S (fly) ©, ^»C#^7^- 
*a»6tt*SttfcJ£H«fc«©#fir© 1 ^K?(-i5tt4^ 
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[HI 8] #^ 




1 2R. 


1 2L 








1 4R, 


1 4L 








1 6R. 


1 6L 




mi 91 mm 


»ia[©sa<bo«i^ **r, h i c^t 


1 8R. 


1 8L 








o f\ Ty 


O f\ T 

d V L 




[02 0] B2©MPa=? h tfftom®m®mm*m 


2 2R, 


22L 








2 4 










2 6 






1 




28' 






v h) 




3 0 




ma 


2 




36 






1 OR, 1 OL 












[01] 






[H4] 




n 
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SO 



62 



64 



ROM 



54 



RAM 



[02] 
-5g ^0 



A/D 



-55 



toys 



>66 



D/A ' 



55 



40 



•35 



35 
4£ 



44 



[06] 




<o.o) 



<Zx,Zz) 



G x : a/If ^Afc©**-©*** 
G Z : 0**-vh£#<DK.fr©Zg|i 

gx i :*'j:>?«>JB>C.'®xBfll 
g z i : * , J>?(0JI'C>OZtfll 

I i i^iJViKDMttt-J'^h 

w i :*'J>9«ft8a 

Zx : ZmptxSl 

Zz : zmpffizffS 

g •• summ 



jt*©*W©zn»pa)'tt« 






imp 
-+— 









zmp 



■Iljjijjjfilll — 
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[S3] 



#x,0y,$z©|££ 



I 



S14 



I 



Gx,Gy,Gz©#j$lIl££ 



,516 
,S18 
•S20 



Gzlfi3Jt*SHt 



I 




,S22 
• S24 

S26 
$28 



S30 



( end ) 



[Hi o] 



/ 



^ Grft2 

» \'(SK)487iHl 




GZ 0 



% ,Gzfta{**fc)©Gzft* 
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